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@ Robot for surgical operation. 

@ A robot for surgical operation which comprises arm means 
(A) mounted at Its one end on a vertical support means (3) and 
extending in a predetermined direction. 

The robot comprises a drive means (B) mounted on the other 
end of the arm means (A) and adapted to extend substantially 
horizontally further in said predetermined direction. A head or 
trepan (C) is mounted at the extended end of and driven by said 
drive means (B). Light transmissfve fiber or the (ike mounted on 
the trepan takes an image of the patient and a controller 
process the image through video data processing for driving 
the arm means, thereby controlling the position and tilt of the 
trepan with respect to the patient 
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Description 

ROBOT FOR SURGICAL OPERATION 



BACKGROUND OF THE INVENTION 

1. Held of the Invention 

This invention relates to a robot for surgical 
operation which Is utilized in a surgical operation 
which is conducted under a microscope such as a 
surgical operation for transplantation of a cornea 10 
and a trepan positioning apparatus for the robot. 

2. Description of the Prior Art 
ConventionaJly, when a surgical operation for 

transplantation of a cornea or the like is to be 15 
conducted, at first a cornea of a patient must be 
excised. Such an operation must be conducted 
using a microscope because an object for excision 
is very small, and where such a surgical operation is 
conducted by a surgeon, considerable skill is 20 
required. 

Thus, it may be recommended to use a robot as an 
available means. In such a case, however, an 
excising device for excising a cornea and a driving 
source for driving the excising device will be located 25 
on an axis, and accordingly a problem occurs that a 
part to be excised cannot actually be excised while 
using a microscope. 

Further, since such a robot has a structure of a 
cantilever secured to a floor, a play may readily 30 
appear between a bed on which a patient lines and 
the robot. Accordingly, the robot is unsuitable for an 
operation which requires accurate positioning. 

SUMMARY OF THE INVENTION 35 

The present invention contemplates resolution of 
the conventional problems described above, and it is 
an object of the invention to provide a robot for 
surgical operation which can be secured directly to a 
bed and wherein a driving means for driving a head 40 
member by way of an arm means can be moved 
freely relative to an affected part of a patient and the 
head member is located at a position spaced away 
from the driving means to allow the affected part of 
the patient to be directly observed via the head 45 
member by means of a microscope. Another object 
of the invention is to provide a trepan (a head or 
mechanical assembly which performs resection of 
cornea etc.) positioning apparatus for the operator 
to quickly and accurately position a cutter or the like so 
onto the portion to be resected watching the image 
of the portion displayed on a TV screen delivered 
through light conducting materials such as light 
fibers or vision sensors such as CCD. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings show an embodiment of a robot for 
surgical operation according to the present inven- . 
tion; and 

Fig. 1 is a side elevational view of the entire 60 
robot; 

Fig. 2 a plan view of the robot; 

Figs. 3 and 4 are cross sectional views of a 



driving means; 

Fig. 5 is a cross sectional view of a head 
member; 

Fig. 6 a plan view of the head member; 

Fig. 7 a side elevational view showing a 
rocking condition of the head member, and 

Fig. 8 a side elevational view illustrating 
upward and downward movement of a cutter of 
the head member; 

Fig. 9 shows a general configuration of the 
present apparatus; 

Fig. 10 shows a method for determining the 
center of a cornea manually; 

Fig. II shows a method for determining the 
center of a cornea semiautomaticaily; 

Rg. 12 shows a brief flow chart for illustrating 
the operation of the present apparatus. 

DETAILED DESCRIPTION OF THE INVENTION 

Now, an embodiment of the present invention wiH 
be described with reference to the drawings. Rg. I is 
a side elevational view of an entire robot, and Fig. 2 is 
a plan view of the robot of Rg. I. Referring to Rgs. I 
and 2, reference symbol A denotes an arm means, B 
a driving means and C a head member. The arm 
means A has a following structure. Reference 
numeral I denotes a bed on which a patient Is to lie, 2 
a mounting plate removably mounted on the bed I by 
means of a screw 2a, and 3 a pair of support posts 
secured to opposite ends of the mounting plate 2 
and reinforced by a connecting rod 4 mounted at 
upper portions thereof. Reference numeral 5 
denotes a first arm which is pivoted as indicated by a 
line a by means of a motor (not shown) embedded at 
the top end of each of the support posts B, and 6 a 
second arm supported for pivotal motion at an end 
of each of the first arms 5. 

An outer tube 7 is supported for rotation on a pair 
of support tubes 6a securely mounted at ends of the 
second arms 6. A vertical shaft 9 is fitted for sliding 
movement In the outer tube 7. Of the two support 
tubes 6a, the lower support tube 6 has mounted 
thereon a rotating mechanism 10 which includes a 
motor 10a for rotating the vertical shaft 9. Mounted at 
the top end of the outer tube 7 Is a vertically moving 
means II which includes a motor lla for moving the 
vertical shaft 9 up and down. 

Accordingly, the vertical shaft 9 is rotated as an 
inner tube 8 is rotated by the rotating mechanism 10, 
and the vertical shaft 9 is moved up and down by the 
vertically moving mechanism II. The driving means B 
is mounted at the bottom end of the vertical shaft 9 
described above. 

Now, structure of the driving means B will be 
described with reference to Rgs. 3 and 4. 

Reference numeral 12 denotes a casing secured to 
the bottom end of the vertical shaft 9, and three 
motors 13 to 15 are secured in a spaced relationship 
by an angular distance of about 120 degrees from 
each other to an internal rear half portion of the 
casing 12. 
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Shafts 19 to 21 having individual one ends secured 
to rotary shafts 16a to i8a of encoders 16 to 18 are 
secured at the other ends thereof to output shafts 
13a to 15a of the motors 13 to 15, respectively. 
Reference numerals 22 to 24 denotes gear wheels 
secured in a mutually offset relationship from each 
other to the shafts 19 to 2!, respectively. It is to be 
noted that the shafts 19 to 21 are supported for 
rotation on two partition plates 12a located within the 
casing 12. 

Reference numeral 25 denotes a moving pipe for 
rocking the head member C, 26 a rotary pipe for 
rotating the head member C, and 27 a rotary shaft for 
rotating a cutter 48 hereinafter described which is 
removably mounted on the head member C. The 
rotary shaft 27 is supported at a base end side 
thereof for rotation on a bearing 12b of the casing 12. 
The rotary pipe 26 is fitted for rotation on the rotary 
shaft 27, and the moving pipe 25 is mounted for 
sliding movement on the rotary pipe 26. It is to be 
noted that the moving pipe 25 is supported also at 
the other end of the casing 12. 

Reference numeral 28 denotes a connecting gear 
wheel having a female threaded portion into which a 
male threaded portion 25a formed at a base portion 
of the moving pipe 25 is screwed, and the connect- 
ing gear wheel 28 Is arranged such that it can rotate 
but is held from movement in a transverse direction 
by the partition plates 12a. An external toothed gear 
of the connecting gear wheel 28 is meshed with the 
gear wheel 22. Accordingly, as the motor 13 rotates, 
the connecting gear wheel 28 is rotated via the shaft 
19 and the gear wheel 22, and consequently the 
moving pipe 25 which is screwed in the connecting 
gear wheel 28 is moved in the leftward or rightward 
direction in Rgs. 3 and 4. 

Reference numeral 29 denotes a gear wheel fitted 
on a base end of the rotary pipe 26 which is exposed 
from the base end of the moving pipe 25, and the 
gear wheel 23 is meshed with the gear wheel 29. 
Reference numeral 30 denotes another gear wheel 
fitted on a base end of the rotary shaft 27 which is 
exposed from the base end of the rotary pipe 26, and 
the gear wheel 24 Is meshed with the gear wheel 30. 

Accordingly, as the motors 14, 15 rotates, the gear 
wheels 29, 30 are rotated via the shafts 20, 2i and the 
gear wheels 23, 24, respectively, and consequently, 
the rotary pipe 26 and the rotary shaft 27 on which 
the gear wheels 29, 30 are fitted are rotated, 
respectively. 

The head member C for directly conducting a 
surgical operation such as an excision of a cornea Is 
connected in this manner to ends of the moving pipe 
25, the rotary pipe 26 and the rotary shaft 27 which 
are moved in leftward and rightward directions or 
rotated by the motors 13 to 15, respectively. 

Now, the head member C will be described with 
reference to Figs. 5 to 8. 

Reference numeral 31 denotes a fixed plate 
securely mounted at the end of the moving pipe 25, 
and a pair of moving plates 32 are secured to 
opposite ends of the fixed plate 31. 

Reference numeral 33 denotes another fixed plate 
securely mounted at the end of the rotary pipe 26, 
and a pair of links 34 are secured to opposite ends of 



the fixed plate 33. 

Reference numeral 35 denotes a pair of substan- 
tially L-shaped attracting pipe holding plates which 
have base ends 35a connected to the moving plates 
5 32 via links 36 and bent portions 35b connected to 
the links 34. An outer attracting pipe 38 is secured to 
ends 35c of the attracting pipe holding plates 35 via 
spacers 37. A bearing member 39 Is mounted 
between the attracting pipe holding plates 35, and a 
10 shaft 40 having gear wheels 40a, 40b mounted at 
opposite upper and lower ends thereof Is supported 
for rotation on the bearing member 39. 

Reference numeral 41 denotes a crown gear 
securely mounted at the end of the rotary shaft 27 

15 and meshed with the gear wheel 40a on the shaft 40. 
It is to be noted that such meshing engagement 
appears in a plane in which the link 34 and the 
attracting pipe holding piate 35 are mounted for 
pivotal motion relative to each other. 

20 Reference numeral 42 denotes a vertically moving 
gear having internal teeth screwed on a male 
threaded portion 38a formed on an outer periphery 
of the outer attracting pipe 38. External teeth of the 
vertically moving gear 42 is meshed with the other 

25 gear wheel 40b on the shaft 40. A magnet 43 is fitted 
on an outer periphery of a lower end of the vertically 
moving gear 42. 

Reference numeral 44 denotes an Inner attracting 
pipe securely mounted on the outer attracting pipe 

30 38 described above via a spacer 45 in the form of a 
ring fitted in an upper end of the outer attracting pipe 
38. An air gap g Is defined between the Inner 
attracting pipe 44 and the outer attracting pipe 38 
except the spacer 45. A rubber coupling 46 Is 

35 connected to a small hole 38b formed in the outer 
attracting pipe 38, and an air pipe 47 is connected to 
the air gap g via the rubber coupling 46. 

Reference 48 denotes a cylindrical cutter which is 
removably fitted at a lower end of the outer attracting 

40 pipe 38 and adapted to be securely attracted to the 
magnet 43. 

Now, operation of the head member C will be 
described. If the moving pipe 25 is moved in a 
leftward direction in Figs. 4 and 5 by the driving 

45 means B described above, the attracting pipe 
holding plates 35 are pivoted around the pivotaily 
connected point thereof to the links 34 via the 
moving plates 32 and the links 36. 
Accordingly, the outer attracting tube 38 secured 

50 to the attracting pipe holding plate 35 makes a 
rocking motion as shown in Fig. 7. Consequently, the 
cutter 48 is naturally caused to make a rocking 
motion. 

In such a rocking motion, the meshing engage- 
55 ment between the crown gear 41 and the gear wheel 
40a on the shaft 40 Is not influenced at all because 
the fulcrum of the rocking motion and the meshing 
position are coincident to each other. 
Then, if the rotary pipe 26 is rotated by the driving 
BO means B described above, such rotation is trans- 
mitted to the outer attracting cylinder 38 via the fixed 
plate 33 secured to the rotary pipe 26, the link 34s 
and the attracting pipe holding plates 35 so that the 
outer attracting tube 38 makes an oscillating motion. 
65 It is to be noted that although in this instance the 
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moving plate 25 is also rotated because a turning 
force acts also upon the fixed plate 31 via the links 36, 
no influence is had on the cutter 8 because such an 
oscillating motion is actually effected for positioning 
before a surgical operation. 

Then, if the rotary shaft 27 is rotated by the driving 
means ' B described above, .a -turning force is 
transmitted to the vertically moving gear 42 via the 
crown gear 41 and the gear wheels 40a, 40b. Here, if 
the vertically moving gear 42 is rotated, such rotation 
of the verticaJiy moving gear 42 involves movement 
thereof either in an upward direction or in a 
downward direction due to the specified relationship 
thereof with the outer attracting tube 38 of the male 
threaded portion 38a. Accordingly, the cutter 48 
secured to the vertically moving gear 42 via the 
^magnet 43 is moved up or down while being rotated 
as shown in Fig. 8. 

Now, description will be given of transplantation of 
a cornea using the robot according to the present 
invention. 

At first, the robot of the invention is installed 
adjacent the head side of the bed I utilizing the 
mounting plate 2 of the arm means A. Then, a patient 
is laid down on the bed I, and the head of the patient 
is secured with his or her face located substantially 
directly below the head member C, and then an 
eyelid of the patient is secured in an open state by a 
suitable means. 

Subsequently, the motor embedded in the sup- 
port post 3 Is energized to pivot the first arms 5. In 
this instance, the first arms 5 are pivoted as 
indicated by the lines a, and accordingly the driving 
means B Is moved inside of another line b while the 
head member C is moved as indicated by a further 
line c. Further, the motor 10a is energized to move 
the head member C as indicated by a still further line 
d. In this manner, the motor is energized to move the 
head member C to a position above one of the eyes 
of the patient from which the cornea is to be excised. 
Subsequently, the motor lla is energized to lower the 
driving device B untD the head member C comes to a 
position near the eye. 

With the steps of operation described above, 
preparations for the first stage have been complete, 
and subsequently an actual surgical operation is 
initiated. 

At first, air Is supplied from the air pipe 47 and 
delivered toward the eye from the gap g, and while 
measuring the distance to the eye using an air 
micrometer (pressure sensor), the motor Ua is 
energized again to lower the head member C until it 
is contacted with the eye. Then, when such 
measurement of the distance finds out a distance by 
which the head member C is contacted with the eye, 
the lowering movement of the head member C is 
stopped. Subsequently, while the eye is being 
observed from above the inner attracting pipe 44 
with the microscope, the motors 13, 14 of the driving 
device B are energized to cause the head member C 
to made a rocking motion and an oscillating motion 
so that the cutter 48 may be positioned just above 
the cornea. 

Then, after completion of such positioning, the 
motor 15 is energized to rotate the cutter 48 while air 



within the air gap g is being sucked via the air pipe 
47. Accordingly, since the cutter Is lowered while 
being rotated, the cornea is excised while being 
attracted by the air gap g. Such an excising 
5 operation is conducted while a torque applied to the 
cutter 43 is being measured by way of electric 
currents through the encoder and the motor. Then, 
because the torque applied to the cutter 48 
decreases just before completion of the intended 
10 excision of the comea, the measuring means 
detects this so that energization of the motor 15 Is 
interrupted immediately to stop rotation and lower- 
ing movement of the cutter 48. Besides, because in 
this instance the cornea is attracted by the air gap g 
15 as described hereinabove, the cornea thus excised 
is taken out thereby. 

Accordingly, the motor lla is here energized again 
to rotate in the opposite direction to lift the driving 
means B, thereby completing the surgical operation 
20 for comea excision. 

It is to be noted that while the embodiment is 
described in connection with excision of a comea, it 
can naturally be used for any surgical operation 
which Is conducted under a microscope. 
25 As apparent from the foregoing description, 
according to the present invention, a robot for 
surgical operation is constituted such that it can be 
secured to a bed, that a surgical operating member 
such as a cutter can be moved freely in vertical and 
30 horizontal directions relative to the bed, that the 
surgical operating member can be rotated to at least 
allow an affected part to be excised thereby, and that 
a driving source such as a motor for driving the 
surgical operating member is located at a horizontal 
35 position spaced away from the surgical operating 
member. Accordingly, a surgical operation can be 
conducted while an affected part is being observed 
through the surgical operating member with a 
microscope. Accordingly, the present invention 
40 presents an effect that a surgical operation can be 
conducted rapidly with accuracy without such skill 
as required with conventional robots. 

The embodiment of a trepan positioning appara- 
tus will now be described as follows. A trepan is the 
45 head previously described and Is a mechanical 
assembly which performs resection of a cornea etc.. 

Fig. 9 shows a general configuration of the 
present apparatus. Thick bidirectional arrows 
denote transmit and receive of control signals 
50 between respective untils. The numeral I04 Is a robot 
fixed beside the bed I03 of a patient and controlled 
by a trepan positioning apparatus according to the 
present invention. 
The numeral K)l is a first TV camera and the 
55 numeral 102 a second TV camera. The first TV camera 
takes the Image of whole arms of the robot in a long 
short thereby measuring the position of the robot 
arm with respect to the patient 
Watching the TV monitor screen the operator 
60 switches the first TV camera and the second TV 
camera alternately while he operates the apparatus 
to move the trepan above the cornea of the patient. 

A light guide Hi for lighting the cornea and an 
objective mounted at one end of an image fiber 
65 bundle II3 are inserted through the central longitudi- 
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nal hole of the Inner attracting pipe 44 and the 
second TV camera 102 Is connected at the other end 
of the image fiber bundle 113. 

And therefore the position of the cornea with 
respect to the trepan, when the trepan C is above, is 5 
much more accurately determined than the first TV 
camera 101 does. ~ •- 

At least three tilt detectors such as air microme- 
ters are provided, within the gap g, near the ends of 
the attracting pipes 38 and 44 opposite to the 10 
patient. 

The tilt detectors are disposed so that their 
locations define a triangle or a polygon in a plane 
normal to the axis of sighting of the objective II2. 

And the degree of tilt of the attracting pipes 38 15 
and 44 with respect to the cornea surface can be 
detected by measuring the location or the distance 
of the detectors from the cornea surface. 

The output signaJ of the tilt detectors are output to 
a microcomputer I08 as a controller. 20 

The video signaJ from the above two TV cameras 
are displayed on the TV monitor I07 after it is 
digitalized and stored in a frame memory I06. 

The microcomputer I08 determines the center of 
the cornea through video data processing, which will 25 
be discussed later. 

A procedure of cornea resection using the 
present apparatus will now be discussed referring to 
Fig. 12. 

The operator proceeds the following procedure 30 
step by step manually. 
STEP I: 

Origin of the absolute coordinates of the 
trepan C Is defined at the initial position of the 
trepan C with respect to the patient. Then the 35 
position of the trepan C thereafter will be stored 
in the controller In accordance with the move- 
ments of the arms of robot I04. 

STEP 2: 

The operator knows the approximate position 40 
of the patient relative to the robot by watching 
the picture on the TV monitor I07 from the first 
TV camera and he positions the trepan C so that 
the whole cornea is at the center of the image 
brought by the second TV camera I02. 45 

STEP 3: 

The microcomputer determines the center of 
the cornea by video data processing, which will 
be discussed later, and thereby determining the 
relative position of the cornea with respect to SO 
the present position of the trepan C. 

STEP 4: 

The position of the center of the cornea in the 
image displayed is translated in to absolute 
coordinates. 55 

STEPS: 

The new angles of respective arm joints of 
the robot is calculated on the basis of the 
absolute coordinates obtained in STEP 4 and 
then the arms of the robot are controlled their 60 
movements in accordance with the new angles 
for moving the trepan C. 

STEP 6: 

The above STEP 2 to STEP 5 are repeated 
several times till the position of the center of the 65 



cornea Is within a tolerable range with respect 
to the trepan C and then the position of the 
arms of the robot is fixed. 
STEP 7: 

The trepan C descends close to the cornea 
surface and the attracting pipes 38 and 44 are 
swang back and forth and left and right so that 
the central longitudinal axis of the trepan is 
normal to the spherical surface of the cornea. 

STEPS: 

The STEP 2 to STEP 7 are repeated to 
eliminate the deviation of the trepan C from the 
center of the cornea resulting from STEP 7. 

STEP 9: 

The cornea Is fixed firmly at the bottom of the 
trepan C through suction and Is resected. 
The video data processing for determining the 
center of the cornea will now be discussed beiow. 

(1) A method which is carried out manually by an 
operator. 

Four cursors HOa to HOd perpendicular to each 
other are displayed, under control of microcomputer 
I08, on the monitor I07 in superposition to the image 
taken by the second TV camera I02 as shown in Fig. 
10. 

These cursors are adapted to be moved individ- 
ually by operating a joy stick or the like. The arrows 
indicate the direction of movement of the cursors. 

The cursors HOa to HOd are positioned at the 
boundaries between the cornea and sclera in such a 
way that they form a rectangular which Is tangent to 
the circular cornea. Each cursor is assigned coordi- 
nate with respect to the trepan C. When the cursors 
are moved, the cursors are assigned new coordi- 
nates accordingly and the microcomputer 108 deter- 
mines the position of the center of the cornea on the 
basis of the new coordinates. 

(2) A method which is carried semiautomatically by 
detecting the boundary between the cornea and 
sclera through video date processing. 

An arithmetic operation for differentiating the 
brightness of the image is performed by the 
microcomputer 108 after emphasizing the contrast of 
the image from the second TV camera as shown in 
Fig. lib and the boundary between the cornea and 
the sclera are detected as shown in Fig. lie. 

The center of the cornea is supposed to exist on a 
line between boundary points R and Q. 

Fig. lib and Fig. lie correspond to Fig. Ila in which 
the boundary points R and Q define a diameter. 

The center of the cornea ban also be detected on 
the basis of arbitrary boundary points r and q at the 
expense of sllghiy less accuracy. 

The center of the comea is supposed to exist on a 
line passing through the mid point of points r and q 
and perpendicular to a line between the points r and 

q. 

Concentric circles and/or a cross shaped cursor 
can be displayed in superposition to the image on 
the TV monitor 107 so that the operator is able to 
comfirm the alignment of the trepan and the comea 
by his eyes. 

These cursors are electronically stored in the 
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controller and are called on the TV screen by the 
operator whenever it Is necessary. 

These cursors can also be applied to the 
aforementioned manual method for confirming the 
center of the cornea. 5 

An operator can perform operation watching the 
comea directly under a cutter through image fiber 
bundle" which is positioned at the center of the 
circular cutter rather than looking at, in oblique 
direction, front edge of the cutter with his eyes. 10 

Therefore it is possible to avoid unwanted injury to 
the tissue around due to inaccurate positioning of 
the cutter edge, which results from parallax and so 
on. It is very convenient in a field, such as cornea 
transplanting, where it is difficult to obtain altema- 15 
tfves If the resection fails. 



Claims 20 

L A robot for surgical operation which 
comprises 

(A) vertical support means; 

(B) arm means having a first end and a 25 
second end, said arm means being 
mounted at said first end on said vertical 
support means and extending in a pre- 
determined direction; 

(C) a first drive means mounted on said 30 
second end and adapted to extend sub- 
stantially horizontally further In said pre- 
determined direction ; and 

(D) a head mounted at the extended end 

of said drive means and driven by said drive 35 
means. 

2. A robot for surgical operation as defined in 
claim I, wherein 

said robot further comprises a second drive 
means for driving the arm means to control the 40 
position of the head; 

said first drive means comprising a vertically 
movable member driven upwardly and down- 
wardly by a drive source mounted at said 
second end and a drive mechanism for suppor- 45 
ting and driving the head at its end; 

said drive mechanism comprising a rotary 
shaft for driving a cutter or the like mounted at 
lower end of the head, a rotary pipe mounted 
coaxially with and slidably rotatable around said 50 
rotary shaft for causing the head to swing left 
and right and a moving pipe mounted coaxially 
with and slidably movable over said rotary pipe 
for causing the head to swing back and forth. 

3. A robot for surgical operation as defined in 55 
claim I, wherein said head comprises an inner 
cylindrical pipe and an outer cylindrical pipe 
mounted coaxially with said inner cylindrical 
pipe, said cylindrical pipe and outer cylindrical 

pipe being disposed so that they define a 60 
cylindrical air gap between them and the gap is 
closed at its top end, the lower end of said inner 
cylindrical pipe is slightly recessed from the 
lower end of the outer cylindrical pipe, and said 
outer cylindrical pipe having a hole through its 65 



wall. 

4. A robot for surgical operation as defined in 
claim 1, wherein said inner cylindrical pipe 
comprises a brightness detecting means in- 
serted through its hollow portion for detecting 
the brightness of an image of a patient. 

5. A robot for surgical operation as defined in 
claim 2, wherein said robot further comprises a 
trepan positioning apparatus having 

(A) a brightness detecting means for 
detecting the brightness of an image of a 
patient, said brightness detecting means 
being provided near operation equipments 
including cutters mounted on a trepan; 

(B) a memory means for storing signals 
from said brightness detecting means; 

(C) a video data processing means for 
processing the signals stored in the mem- 
ory means; 

(D) a monitor means for displaying said 
signals stored in said memory means; 

and the head being controlled its position 
with respect to the patient on the basis of the 
output signals through video date processing 
by said video data processing means 

6. A robot for surgical operation as defined in " 
claim 2, wherein said robot further comprises a 
trepan positioning apparatus having 

(A) a brightness detecting means for 
detecting the brightness of an image of a 
patient, said brightness detecting means 
being provided near operation equipments 
including cutters mounted on a trepan ; 

(B) a memory means for storing signals 
from said brightness detecting means; 

(C) a video data processing means for 
processing the signals stored in said 
memory means; 

(D) a monitor means for displaying said 
signals stored in the memory means; 

(E) a tilt detecting means mounted near 
front end of the trepan for detecting that 
the axis of sighting of the brightness 
detecting means is normal to the surface of 
the patient; 

and the head being controlled its position 
with respect to the patient on the basis of the 
results of video data processing by said video 
data processing means and the output of said 
tilt detecting means. 

7. A robot for surgical operation as defined in 
claim 6, wherein said tilt detecting means are air 
micrometers. 

8. A robot for surgical operation as defined In 
any one of claim 5 to claim 7, wherein said 
trepan driving means is manually controlled by 
an operator on the basis of the output signals 
from said tilt detecting means, controlling 
signals through video data processing by said 
video data processing means, and a display 
displayed on said monitor means. 

9. A robot for surgical operation as defined in 
any one of claim 5 to claim 7, wherein said 
trepan driving means is automatically controlled 
on the basis of the output signals from said tilt 
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detecting means, controlling signals through 
video data processing by said video data 
processing means. 

10. A robot for surgical operation as defined in 
any one of claim 5 to claim 9, wherein said 
brightness detecting means are light .guiding 
materials. 

11. A robot for surgical operation as defined in 
any one of claim 5 to claim 9, wherein said 
brightness detecting means are CCD. 
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Step 1 

Determination of absolute 
coordinates of robot 



Step 2 

video photographing of cornea 



Step 3 

Determination of center of cornea 
through video-processing 



Step 4 

center of cornea — 

absolute coordinates 



Step 5 

calculation of angle of arm-joint, 
movement of arm 




Step 7 

Adjust of tilt 




Step 9 

Fix trepan 
Resect cornea 
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